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HIP MANUFACTURE OF A HOLLOW COMPONENT 



The present invention relates to the manufacture of a component using hot isostatic 
pressing (HIPing). In particular the present invention provides a method of 
manufacturing a nozzle for a gas turbine engine. In a preferred embodiment, the 
present invention provides for the manufacture of a nozzle for a gas turbine engine 
having an internal coating. 

There is increasing interest in the use of two-dimensional, or 'letterbox" type, nozzles 
for the exhausts of gas turbine engines. However, such nozzles are difficult to 
manufacture, typically requiring fabrication from a number of different elements. Such 
fabrication comprises the functionality of the nozzles by introducing regions of local 
weakness where welding is usfed to joint parts, or possible leakage paths where 
mechanical fastenings are used. 

Another problem faced with two dimensional nozdes is the application of heat resistant 
coatings to their internal faces." Such heat resistant coatings, typically ceramic, are 
applied by Plasma Vapour Deposition (PVD) and enable an improvement in the 
performance of the nozzle. However, PVD is ill suited to the geometries of the two 
dimensional nozzles. Such nozzles typically have an aspect ratio of seven to one, with 
a height of, say, 1 50mm and concomitant width of 1m. As PVD guns typically have 
spray heads about 100nnm high and require a stand off distance of about 1m, it will be 
understood that coating the internal surface of the nozzle is not possible using 
conventional PVD technology. 

According to the present invention there is provided a method of forming a hollow 
structure for a gas turbine nozzle comprising the steps of placing a core shaped to form 
the Internal surface of the structure In a mould, filling the mould with a material powder, 
hot isostatically pressing the powder about the mould, and removing the core from the 
hollow structure formed. 
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Preferably, the core is made of mild steel and removal is achieved by a chemical agent. 

Preferably, a coating is applied to the core prior to placement in the mould. 

Preferably, coating is a ceramic-metal mix, the proportions of metal in the coating 
varying from about 0% at the surface of the core to about 100% at the coating 
extremity. 

The present invention will now be described in more detail according to the 
accompanying drawings, in which: 

Figure 1 shows a core suitable for use in the present method of manufacture: 
Figure 2 shows the core of Figure 2 with a coating: 
Figure 3 shows the core placed in a mould; 
Figure 4 shows the core and mould of Figure 3 filled with powden 
Figure 5 shows the use of the core and mould to hot isostatically press a part; 
Figure 6 shows the consolidated part; and 
Figure 7 shows the final part. 

A mild steel core 2 is first machined with external dimensions which correspond with the 
desired internal dimensions of the open-ended hollow structure. It will be understood 
that although the Illustration shows only a single cross-section of the core, its shape 
may be varied along the length of the finished structure. 

Turning to Figure 2, a coating 4 is applied to the core 2. This coating 4 is, in essence, a 
mirror-image of the coating which is desired to be applied to the hollow structure 6 
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which is to be produced by the method. Hence, a hollow structure 6 for use as a gas 
turbine engine nozzle would typically have a ceramic coating bonded to the nozzle 
walls via a metal-ceramic bond coat whose composition varies across its thickness, 
from a near 100% ceramic content at the interface with the ceramic coating to a 1 00% 
metal content at the interface with the nozzle walls. Hence the coating applied to the 
core 2 comprises a ceramic coating in direct contact with the core 2. followed by a layer 
whose composition varies from 100% ceramic at the interface with the ceramic coating, 
to 100% metal at its outer surface. Preferably, this metal is of a similar thermal 
expansion to the material of the final hollow structure. 

Turning to Figure 3, the coated mild steel core 2,3,4 is placed in a mould 8 whose 
internal cavity is of similar shape to the final product but of a slightly too large size. The 
reason for this will be disclosed further hereafter. A cavity 10 is defined between the 
core 2 and the mould 8. As shown in Figure 4, the cavity 10 is filled with powdered 
metal 12 such as, in the case of a gas turbine nozzle, a titanium alloy. This alloy 12 is 
packed into the cavity 10. 

As shown in Figure 5. the outer mould Is then compressed under a uniform pressure 
and at elevated temperature in a process known as hot-isostatic pressing. This 
process is well known and will not be described herein in further detail. Hot isostatlc 
pressing of the metal powder 12 causes it to consolidate about the core 2. Furthermore 
the process consolidates the coating 4 onto the metal powder. Because of the bond 
coat, the coating 4 bonds preferentially to the core with a stronger bond than that 
between the coating 14 and the core 2, After the hot isostatlc pressing, the mould 12 is 
removed to leave a hollow structure 6 having an Internal coating 4, surrounding a mild 
steel core 2. The mfld steel core 2 can then be removed by a process known as 
"pickling" in which a chemical agent such as strong nitric acid is used to leach the mild 
steel core out of the structure 12. The agent is chosen such that It does not 
substantially damage the ceramic coating 4. With the core 2 removed, a final hollow 
structure 1 2 with an internal coating 4 is left as shown at Figure 7. 
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It will be understood that wheje there is no need for an internal coating, the mild steel 
core can be left uncoated, ancjl the powdered metal consolidated directly thereabouts. 
However, a selection of a suitable chemical agent will be more difficult, and it will have 
to be chosen so that it only dissolves the core and not the hollow structure. In such a 
situation it will be understood that it would be of benefit to make the core and structure 
of very different materials. 
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CLAIMS 

1 A method of forming a hollow structure for a gas turbine nozzle comprising the 
steps of placing a core shaped to form the internal surface of the structure in a 
mould, filling the mould |with a material powder, hot isostatlcally pressing the 
powder about the mould, removing the core from the hollow structure formed. 

2 A method of forming a hollow structure as claimed in claim 1 wherein the core is 
made of mild steel and removal Is achieved by a chemical agent. 



A method of forming a hollow structure as claimed in claim 1 or claim 2 wherein 
the coating is applied toithe core prior to placement in the mould. 

A method as claimed injclaim 3 wherein the coating is a ceramic-metal mix, the 
proportions of metal in the coating varying from about 0% at the surface of the 
core to about 100% at the coating extremity. 

A method for creating a ihollow structure as described hereinbefore and with 
reference to the accompanying drawings. 
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